Abstract. Recent experimental studies of new charmonium-like states at B-factories are reviewed. This review covers updates on the exotic candidates, the X(3872) and Z (4430), searches and measurements of other new or known states in the mass region 3.9 -4.7 GeV, and measurements of exclusive processes including a charmonium or a D ( * ) -meson pair in their final states, which are produced by initial-state-radiation processes related to the Y (4260) and other states.
INTRODUCTION
More than ten new charmonium-like states, so-called "XYZ states", have been reported from the Belle and BaBar B-factory experiments, as well as from other detectors. For majority of such states, their attributes to the sequential ordinary charmonium states are not well recognized. Most of the particles decay into final states containing charmonium, such as J/ψ, ψ(2S) and χ c1 , but do not decay into open charm pairs with a detectable rate; that is a main reason why they are discussed as a candidate of exotic state. Among them, three Z states have electric charge and can no longer be explained as a conventional cc-meson state [1, 2] .
These "XYZ" states are produced in various processes at B-factory experiments, described by the diagrams shown in Fig. 1 . A decay of B meson is an efficient process for a search of new charmonium-like states, since almost all b-quarks decay to c-quark. An e + e − annihilation process, including the initial-state-radiation (ISR) process, where the centerof-mass energy of the e + e − system is reduced by an emission of a photon, is also an important place for this kind of studies. Double charmonium production, e + e − → (cc)X, provides a very unique opportunity, where we can search for XYZ states in a recoil mass spectrum tagging one charmonium. Collisions of two-photons which are virtually emitted from e + e − incident particles provides a complementary possibility producing a C-even state, in contrast to a C-odd state from ISR production. 
X(3872)
I start this report with history and recent updates of the two important XYZ states, X(3872) and Z(4430).
The X(3872) has been discovered by the Belle experiment in the B ± -meson decay to the J/ψπ + π − K ± state in 2003 [3] . It is remarkable that its width is very narrow, Γ < 2.3 MeV; it is below the limit from the experimental resolution. This state was confirmed by the Tevatron experiments, CDF and D0, and the BaBar experiment [4] .
Important quantum numbers of the X(3872) have been clarified by several following measurements. Belle has observed a radiative decay of X(3872) to the J/ψγ state, and its C-even nature is established [5] . Belle and CDF have measured the invariant-mass distribution of the π + π − system in the decay products, and have found that it has a similar property to ρ 0 meson [3, 6] . This fact, as well as measurements of angular distributions, makes 1 + the most preferable spin-parity (J P ) assignment for the X(3872) [6, 7] , although it is not very decisive, yet. Belle also reported an enhancement of three pions in the X(3872) → π + π − π 0 J/ψ decay near the ω mass [5] . This is an indication of isospin non-conservation in X(3872) decays.
New information is still provided by recent measurements. BaBar has presented the ratio of the branching fractions of X(3872) production from different charges of parent B mesons, B(B 0 → X(3872)K 0 )/B(B ± → X(3872)K ± ) = 0.41 ± 0.24 ± 0.05, and a measurement for a possible mass splitting of the X(3872) from the different charges of B, [8] . A tetraquark (diquark-antidiquark) model predicts such a mass splitting [9] , and a DD * molecule model predicts an asymmetry in the branching fractions [10] .
Although the above BaBar results are not very conclusive, a recent Belle update (preliminary) provides more precise measurement [11] : B(B 0 → X(3872)K 0 )/B(B ± → X(3872)K ± ) = 0.82 ± 0.22 ± 0.05; the result is consistent with unity. This is the first observation of X(3872) production from B 0 decays ( Fig. 2(left) ). The Belle measurement also supports a zero-consistent mass difference, δ M = (+0.18 ± 0.89 ± 0.26) MeV/c 2 . The mass determined from the measurement, assuming no mass-splitting, is M X = (3871.46 ± 0.37 ± 0.07) MeV/c 2 . It is interesting that this is still the same as a sum of the masses of the D 0 and D * 0 within the measurement errors: [12] . A recent CDF result [13] , M X = (3871.61 ± 0.16 ± 0.19) MeV/c 2 , is consistent with the Belle measurement.
Belle has reported a new production mode of the X(3872), B 0 → X(3872)K + π − [11] . The invariant mass distribution of the associating Kπ pair shows no visible enhancement near the K * (892) mass (Fig. 2(right) ). They obtain a branching fraction product,
BaBar has reported evidence of a new decay mode of the X(3872). They provide a measurement of the branching fraction for a new radiative mode X(3872) → ψ(2S)γ (Fig. 3) as well as that for the known J/ψγ mode [14] . The measured ratio of the branching fractions, B(X(3872) → ψ(2S)γ)/B(X(3872) → J/ψγ) = 3.4 ± 1.4, attracts an interest; it is inconsistent with a nature of X(3872) as a pure D 0D * 0 molecular state [15] .
The D 0D * 0 final state is another important decay mode of X(3872). Previous Belle [16] and recent BaBar [17] [18] , in which no significant mass difference of X(3872) between those from the two decay modes is seen.
Z(4430)
An electrically charged Z(4430) state has been reported by the Belle experiments in the decay B → ψ(2S)π ± K [1] . Dalitz plot of the three-body decay shows a horizontal band which is a concentration in a charged combination, ψ(2S)π ± (Fig. 4(a) ) [1] . They find a statistically significant peak at around 4430 MeV/c 2 , vetoing candidates in two Kπ mass regions corresponding to K * (892) and K * 0,2 (1430). BaBar has tried to confirm this state in their data. They apply a full Dalitz analysis, where they introduce many K resonances decaying to a Kπ pair, and fit their contributions to the experimental data in the whole Dalitz plane. They, however, do not find any significant signal of Z(4430) (Fig. 5) , and a upper limit,
, is obtained [19] . Even in their "Belle-like" analysis, they find only 1.9σ significance level of an enhancement in the Z(4430) mass region. Thus, they find no conclusive evidence of Z(4430).
Belle also tries the full Dalitz analysis using the same data as in their previous analysis. Belle introduces six Kπ resonances for the fit. They confirm a significant signal of Z(4430) with a 6.4σ significance (Fig. 4(b) ) [20] . The mass [11] . Right: Invariant mass distribution of the Kπ system in candidate of B 0 → X(3872)Kπ from the Belle experiment [11] . The experimental distribution includes contributions from non-X(3872) backgrounds. The curves are the estimated components from X(3872) decaying to non-resonant Kπ (dot-dashed) and K * (892) (dotted), and from non-X(3872) (dashed). It could be worthwhile to mention two additional charged Z states, Z(4050) (Z 1 ) and Z(4250) (Z 2 ), reported from Belle, in B decays to π + χ c1 K [2] ; they find two peak structures in the invariant-mass spectrum for π + χ c1 which cannot be explained by a reflection of K * meson production.
STATES NEAR 3940 MEV/C 2
The Belle experiment has reported three "XYZ" states with the similar masses near 3940 MeV/c 2 . These three states were found in completely different production and decay processes, The X(3940) has been found in the double charmonium production process where a J/ψ is tagged, e + e − → J/ψX, and the recoil-mass spectrum for X is examined [21] . A decay mode of the X(3940) to the DD * state is explicitly observed by tagging a D meson in the X side. As η c and η c (2S) are prominently visible in the same spectrum, η c (3S) could be a plausible interpretation of this state.
The Y (3940), reported by Belle [22] , is confirmed by the BaBar experiment [23] . Comparisons of the mass and width values (M = (3943 ± 11 ± 13), (3914 +3.8 and BaBar, respectively) show some discrepancies between the two experiments. However, general features in the mass spectra agree with each other. It is considered that the BaBar measurement has confirmed the state found by Belle. According to Belle measurements [18, 22] , the ratio between the branching fractions to ωJ/ψ and to DD * is significantly different between the X(3940) found in double charmonium production and the Y (3940) from B-meson decays. This indicates that the X(3940) and Y (3940) are different particles. The Belle experiment points out that the Z(3930) is a very preferable candidate of a radial excitation state of an ordinary charmonium, χ c2 (2P), from the measured mass and width [24] . The spin assignment, J = 2, is suggested by the angular distribution in the DD decay. The BaBar experiment reports a confirmation of this state at this conference [25] . The mass and width from their preliminary analysis, (3926.7 ± 2.7 ± 1.1) MeV/c 2 and
Events/10 MeV FIGURE 6. Invariant-mass distribution of the ωJ/ψ system produced by two-photon collisions from the Belle experiment [26] . [29] and (right) from two-photon collisions [30] , from the Belle experiment.
(21.3 ± 6.8 ± 3.6) MeV, respectively, are very close to the Belle measurements. They also confirm the J = 2 nature in the angular distribution; the attribute of Z(3930) to χ c2 (2P) seems to be really established.
It should be interesting to search for the Y (3940) or any other states decaying to the ωJ/ψ produced in two-photon processes. Belle has performed such a search [26] , and have found a significant enhancement in the same mass region (Fig. 6 ). They designate this resonant enhancement as X(3915), and its mass and width, M = (3915 ± 3 ± 2) MeV/c 2 and Γ = (17 ± 10 ± 3) MeV, respectively, are obtained. The mass and width are close to the measurement for Y (3940) from BaBar [23] , and this may be a production of Y (3940) from two-photon collisions. Another interpretation of this result is that Belle has observed another decay mode of the Z(3930).
Y (4140)
The CDF experiment has reported an evidence of a new state Y (4140) decaying to φ J/ψ in B-meson decay samples [27] . They find about 14 signal candidates with a significance of 3.8σ , and present the mass and width of the new state, (4143.0 ± 2.9 ± 1.2) MeV/c 2 and (11. Fig. 7(a) ) [29] . Belle also searches for this state in two-photon processes. There is no signal near 4140 MeV/c 2 , but they find another enhancement near 4350 MeV/c 2 with a significance of 3.2σ (Fig. 7(b) ) [30] . The mass and width from the measurement are (4350.6 ), and the two states seem to be different particles. It is very interesting that the masses correspond to a dip position in the energy dependence of the R-ratio, that is, there is no corresponding peak in the total hadronic production from e + e − annihilation. The Y (4260) has been confirmed also by the Belle experiment [34] . They also report a new structure near 4008 MeV/c 2 . BaBar recently presents a preliminary update of the spectrum (Fig. 8) [35] . The mass and width of the Y (4260), (4252 ± 6 +2 −3 ) MeV/c 2 and (105 ± 18 +4 −6 ) MeV, respectively, are consistent with the Belle results [34] , but they do not find any visible structure near 4008 MeV/c 2 . Therefore, the second state is not yet confirmed.
In the ψ(2S)π + π − decay mode, Belle has also reported a new peak, besides a confirmation of the Y (4320) [36] . This new enhancement, near 4664 MeV/c 2 , seems to be seen as a hint in the original BaBar spectrum. Belle points out that this state may be related to an enhancement near the threshold of Λ cΛc production from ISR, peaking near 4634 MeV/c 2 [37] . However, a near-threshold enhancement sometimes appears in baryon-antibaryon pair production, and that could be explained by another mechanism. [38] . They apply a comprehensive fit to the results assuming contributions of the three ψ states, ψ(4040), ψ(4160) and ψ(4400), and possible contribution of the Y (4260) (Fig. 9) Belle recently reports a search for the Y (4260) in the D 0D * − π + mode [40] , where they do not find any significant enhancement near the Y (4260) mass region.
It should also be worthwhile to mention a possible counterpart of these Y particles in the ss sector. The Y (2175) is a new enhancement in the e + e − → φ π + π − process, where a J/ψ in the Y (4260) decay is replaced by a φ , reported by BaBar [41] and BES [42] . The structure is enhanced by tagging f 0 (980) → π + π − in the decay product. Belle recently confirms this state and reports the measured mass and width, (2079 ± 13 (Fig. 10) [43] , respectively, taking into account an interference between the Y (2175) and the low-mass enhancement from the φ (1680), which is also found by the BaBar experiment [41] . 
